A review is presented of a personal series of 2,000 cases of retropubic prostatectomy and endoscopic resection, of which 1,688 were performed under hypotensive anesthesia. The conclusions have been reached from three main groups: (1) Normotensive anmsthesia, an early group of 248 carefully selected cases. (2) Hypotensive anesthesia 'all-in' group of 373 cases in which no pre-operative drainage and no permanent suprapubic cystotomies were performed, all full bladders being treated as emergencies or semi-emergencies. (3) A seven-year period of 1,315 cases, entirely unselected, including all geriatric cases. These received pre-operative drainage when necessary, but none was condemned to permanent suprapubic cystotomy.
Prostatectomy under Hypotensive Antesthesia [Abridged] Mr N L Shepperd (Eastbourne and Hastings) A review is presented of a personal series of 2,000 cases of retropubic prostatectomy and endoscopic resection, of which 1,688 were performed under hypotensive anesthesia. The conclusions have been reached from three main groups: (1) Normotensive anmsthesia, an early group of 248 carefully selected cases. (2) Hypotensive anesthesia 'all-in' group of 373 cases in which no pre-operative drainage and no permanent suprapubic cystotomies were performed, all full bladders being treated as emergencies or semi-emergencies. (3) A seven-year period of 1,315 cases, entirely unselected, including all geriatric cases. These received pre-operative drainage when necessary, but none was condemned to permanent suprapubic cystotomy.
The hypotensive technique showed a marked diminution in transfusion rate and a low mortality. Blood loss and infection are the two main problems in prostatectomy; this review deals with the former.
It is natural to conclude that the dreaded complications of hypotension due to blood loss would occur in purposely induced hypotension before commencing operation. In practice, this is not so. Hexamethonium (C6) (long- acting four to six hours) was used throughout the whole of this series. Trimetaphan camphorsulphonate, introduced some years later, with an action of only short duration, has not been used. C6 has been the drug of choice as, apart from its value during the operation, the slow rise in blood pressure during the next four to five hours helped to reduce the amount of reactionary h2emorrhage. Pentolinium tartrate has been used during the last year of the series. Its action is very similar to that of C6 and it is thought to be rather more reliable but smaller doses are needed. It is claimed that the problem of blood loss under hypotensive technique has largely been overcome.
Advantages of the Hypotensive Technique
(1) The time factor: It allows the longest possible time to persevere with the most meticulous hemostasis and gives the' clearest possible view to the surgeon. The excellent view is most marked when using the retropubic approach. The veins in the retropubic fatty tissue and anterior capsule give little trouble.
(2) The absence ofshock: This, and the slow pulse beat at the end of operation, with facial pallor and dry skin, indicate success in the technique.
(3) Marked diminution in reactionary hwmorrhage during the six-hour post-operative period. This applies pre-eminently to the C6 group of drugs and less so to the trimnetaphan group.
Surgical Technique
The retropubic approach is used, the prostatic floor is preserved as much as possible and the ureteric orifices are marked by passing short whip bougies into the right and left ureters. The bar is excised with a semilunar incision using an endothermy cutting knife. The arteries should be pumping and the calibre of the arterial stream should be thin, but sufficiently forceful to enable the actual vessel to be picked up with h2emostatic forceps. Time can be taken at this stage for careful hemostasis. The free bladder edge is sutured to the prostatic pseudocapsule, using a roundbodied needle and plain catgut. If access is difficult in a fat man with a deeply sunken gland, the boomerang needle may be used. The lateral artery may lie hidden. If the boomerang needle is passed into the lateral wall of the prostatic cavity and levered slightly into the wound, it often brings the hidden vessel into view where it can be picked off.
The hypotensive technique is not one to be undertaken light-heartedly with a strange anesthetist. Under no circumstances should a bloodless field be demanded and the blood pressure is only a vague index of the success of the anesthetist. It is wrong for the anesthetist to feel that he has failed unless he brings the systolic pressure down to 70 or below. In the majority of cases we have worked with a systolic pressure of 90-100, with the patient in variable degrees of Trendelenburg position. The dose of C6 has been varied very considerably by the anesthetist in accord-1128 Proceedings of the Royal Society ofMedicine ance with his clinical assessment. A very rough estimation of maximum dose (in milligrams) in a fit man is 100 minus his age.
Surgeon-anawsthetist Relationship
Teamwork is of paramount importance in the hypotensive technique. Impatience on the surgeon's part and trepidation on the side of the anesthetist when his patient is not fully under control lead to trouble. The anisthetist must avoid heavy premedication. To mix two or three drugs and bring the patient to the anisthetic room semiconscious is not advocated. The occasional precipitate fall in blood pressure during simple induction is embarrassing; the hypotensive drug should not be given until the blood pressure has reverted to normal. If the surgeon cannot decide what he is going to do until he has cystoscoped the patient he should try to allow the anesthetist at least seven minutes to give the drug, to await its action, and have the patient comfortably under control in the Trendelenburg position; he should not open the retropubic space until the aneesthetist is ready.
The surgeon should be prepared to do the endoscopic resection with the patient in the head-down position. The minor disadvantage of standing up to resect is amply compensated by the fact that the surgeon's view is not obscured by blood. In the head-down position, using the valve-cutting machine, the pieces of prostate will tend to fall off the end of the cutting loop, but these can be sucked out efficiently. The anasthetist must bring the patient back to the flat position for this manaeuvre but that is not until the end of the operation. Repeated up-and-down positions with the hypotensive patient make it difficult for the aneesthetist to control the blood pressure. Should the anesthetist find that he has given too much hypotensive drug, and there has been no unexpected blood loss or heavy premedication to account for it, 200 ml dextran will put him in control again. Pressor drugs are never used.
To compare morbidities between the normoand hypo-tensive techniques is unrealistic. The results given in this review are therefore presented as mortality rates. The criteria used in this series consist of four main classifications: (1) The location or site, i.e. whether the operation was carried out A, in a nursing home or private wing (segregation), B, in a special hospital (non-segregation, but some selection of admissions) or C, in a group urological department (totally unselected owing to Emergency Bed Bureau).
(2) Percentage of acute or acute-on-chronic to interval prostatectomies. (3) Percentage over 80 years of age. (4) Percentage of permanent suprapubic cystotomies.
Site was recognized as important by Sir John Thomson Walker (1930) , who recorded a mortality rate of 6-1 % among his private patients:. among 2,691 patients at a special hospital (St. Peter's, London) the mortality rate was 9 9%, and among 3,451 patients from a general hospital it was 19-5y%. My own private cases, collected from the last few years, form a comparatively small but consecutive series of 105 patients, of whom 20 were aged over 80:
19 were acute or acute-on-chronic cases, and 86 were interval prostatectomies. There was 1 death (mortality rate 0 9 %). Hypotensive technique was used in every case, nobody was condemned to a permanent suprapubic cystotomy, no blood transfusions were given in this series, no cases were returned with clot retention postoperatively. (The proportion of acute or acute-onchronic to interval prostatectomies was only 1:4.)
The hospital group submitted for review shows a consecutive series of 1,936 cases (plus 60 for the first three months of this year, which have not been added to the figures). These have been divided into three groups (Table 1) : (Table 2a ) normotensive, admitted to general surgical wards wherever there was a bed available, before a separate urological department had come into being: Here there was selection of cases by the general practitioner and the house surgeon. The geriatric cases went to the infirmary, where they were dealt with by the medical officers. This represents a well-selected group, a far better risk than the remainder of the series. This approximates to site B. Group 2 (Table 2b) hypotensive anesthesia, 'allin', unselected: All cases of retention of urine were operated upon as emergencies or semiemergencies. Pre-operative drainage was not performed, pre-operative preparation was negligible. These figures include those who might have died during pre-operative preparation with bladder drainage.
Group 3 (Table 2c ) hypotensive anisthesia, unselected: No permanent suprapubic cystotomies were performed but a Riches tube was used to drain those bladders considered likely to benefit from a pre-operative period of medical treatment up to four weeks; they were then operated upon, no matter how great the risk. During this period 63 patients with pre-operative drainage died from medical diseases while in the medical wards and therefore never came to operation and are not included in these figures. This represents a mortality of 4-7 %; when this is added to the real mortality of 6% it will be seen that cases in Group 2 (emergencies) were comparable. The percentage of acute or acute-on-chronic was 45-55 %. The over-80s responded very well to a hypotensive technique; the mortality of 14-7 % is low compared with other published results. Extreme old age is not a contraindication to hypotensive technique. Blood loss: It is difficult to estimate blood loss in retropubic prostatectomies. Some surgeons can estimate blood loss during operation, but it becomes almost impossible to estimate reactionary hmmorrhage except by clinical judgment and inspection of the drainage urine. In this series I have found that half the blood loss goes into the sucker andhalfinto the swabs. In a large series this has averaged 200 ml. On five occasions only have we used a blood transfusion on the table. Table 3 demonstrates the marked drop in transfusion rate between normotensive and hypotensive anesthesia. These transfusions were given generously and in the hypotensive series were nearly always given on the third or fourth postoperative day for a fall in htmoglobin, this fall being partly due to the hydrimia which often occurs in post-operative cases and partly to reactionary hemorrhage. Endoscopic resection: During the years 1952-56 especially, the proportion of endoscopic resections performed was high, since the use of a hypotensive technique makes this procedure simple. Sometimes it was done on far larger prostates than would usually be selected. Many of these patients were big heavy men with pendulous abdomens suffering from grave intercurrent medical diseases and it was estimated that their expectation of life was short. Table 4 may be regarded as an index of failure rate in endoscopic resection. I have little doubt that endoscopic resection for a moderately large adenomatous prostate is not completely curative. From the figures it certainly seems to reduce mortality in old men, whose only alternative would be a permanent suprapubic cystotomy. Hypotensive technique is considered to be of greater value in endoscopic resection than in retropubic prostatectomy. The number of grams removed in this series has varied between 4 and 35. The speed of operation has greatly increased, and it is far easier properly to control the bleeding with the fulgurating button. In the whole of this hypotensive series of 1,688 cases only 5 have been returned to the theatre with clot retention.
We hope to have demonstrated in the poorest risk group from the site C type of hospital that blood loss in prostatectomies has been largely overcome even in the oldest and frailest.
The cardiac case: The figures in decades (Table 2c) have demonstrated that extreme old age is not a contraindication to the hypotensive technique. The permanently anoxic patient has to be considered most carefully but the risks are certainly not greater with the technique we have adopted. Those with congestive heart failure definitely benefit from a hypotensive technique and have caused very little worry throughout the series. Owing to imperfections in the case notes it is impossible to give an accurate assessment of the number of patients suffering from pre-operative coronary infarction, but from the numbers alone it is obvious that they have been many and we have concluded that coronary infarction is not a contraindication. Many patients in this series have suffered from one or more attacks previous to operation. These men in our opinion ar_ safer under the hypotensive technique than the normotensive technique. Blood loss kills a poor myocardium quicker than the hypotensive technique. Post-operative cerebral complications: Cerebral anoxia leading to permanent incapacity has been remarkable for its absence. It must depend somewhat upon the skill of the anesthetist and the constant attention paid to the patients during and after operation. Diverticulectomy: Single or double diverticulectomies are performed at the same time as removal of the prostate in the above series. Diverticula which are fixed and need considerable deep dissection are prone to formation of extravesical htematomata and in these cases hypotensive technique has proved of great value. Atonic bladders: Bladders which have not recovered their tone after an endoscopic resection and two months' bladder drainage, have had variable proportions of the bladder removed and a thorough clearance of the bladder neck. I find this a most successful operation.
During the whole series there were no deaths on the table; the numbers alone should eliminate the element of chance. There has been one case of cardiac arrest three hours after operation. Nursing: The post-operative management of hypotensive cases should be within the capabilities of any efficient ward sister, provided she is supervised for the first half-dozen cases. The ward nurses have been allocated as a routine in their training as for any other ward. The patient usually leaves the theatre with a systolic pressure of just under 100. He is received in the ward, the curtains are so arranged that the hypotensive cases are placed in adjacent beds and the sister has blocks for the end of each bed and attaches a sphygmomanometer to each patient. She then makes a blood pressure chart at fifteen-minute intervals. A catheter is attached to a polythene bag which hangs at the side of the bed. No bladder washouts are used. Only on the rarest occasion is a small sucking syringe used to promote the flow. If the systolic pressure rises too rapidly the blocks are removed, the aim being to produce a blood pressure chart rising each half-hour until at the end of the fifth hour an approach to normality is reached. Attention to posture and height of the blocks will make a slow and gradual rise to normal blood pressure comparatively easy. Mortality: In prostatectomy, this is of paramount importance, especially as we wish to encourage patients to come for interval prostatectomy before complications ensue. For this reason I deprecate my experimental years of 1951-52 because it is unnecessary for the urologist to take the blame for deaths unconnected with the operation. Expectation of life: An extract from the life tables of a large insurance company (Table 5) gives some idea of the expectation of life of the men upon whom we have to operate. The average age in my series is 72. Dr A H Grace (Hastings) Induced hypotension in surgery has from the first published reports been criticized because it was considered that it would increase the risk of coronary, cerebrovascular, and other vascular disasters. In the April 1952 edition of Anwsthesia the editorial stressed the dangers of the method and referred to an article by Hayward (1952) , reported in that number. Hayward referred to the various forms of heart disease and stressed the danger of hypotension in all of them. He concluded by saying that in cardiac patients the chief risks during surgery were anoxia and hypotension and that the use of hypotensive drugs should be restricted to cases where a bloodless field was essential to the success of the operation. In 1954 Doyle & Kilpatrick, writing on the methonium compounds in the treatment of hypertension, found that in the majority of patients the reduction of pressure caused a reduction in angina-ofeffort pain, and they concluded that this treatment was safe and that cardiac infarction was no more common in patients so treated than in others. In a small proportion of patients anginal pain was produced by the fall in pressure, and in these patients the treatment was discontinued. Rollason & Hough (1960) discussed the use ofinduced hypotension in the elderly, basing the discussion on a series of40cases ofprostatectomy with control ECGs. They found ECG changes suggestive of myocardial ischemia at systolic pressures below 60 mm Hg, and that pre-existing systolic hypertension predisposed to these changes. They suggested that systolic pressures should not be allowed to fall below 60 mm Hg or, in the systolic hypertensive patients, below 80 mm Hg. On Doyle & Kilpatrick's (1954) findings that a small proportion of hypertensive patients would develop anginal pain with the fall in pressure, Rollason & Hough (1960) suggested that a reduction of blood pressure in a small proportion of patients might cause a lack of oxygenation of vital organs. Renal function has been found adequate down to systolic pressures of 55 mm Hg and the only danger here would appear to be that of a slowed excretion of drugs at low pressures. The cerebral circulation has been found adequate down to systolic pressures of 50-60 mm Hg, but below this impairment might follow.
This series consists of 1,000 prostatectomies carried out in one urological unit during 1951-61.
The anesthetic has been uniform throughoutpremedication with morphia and atropine only, induction with thiopentone sodium, maintenance with nitrous oxide and oxygen 2: 1, supplemented with pethidine, relaxation being obtained as required with gallamine triethiodide. All patients are intubated. The hypotensive drug used has been hexamethonium bromide (C6) throughout until the last 80 cases when pentolinium tartrate has been used.
All cases were operated on in the Trendelenburg position with a head-down tilt of about 25-30 degrees, gravity aiding by draining the operative site. The head-down tilt also causes a rise in systolic pressure ofsome 10-15 mm Hg and a slowing of the pulse. It is felt that this rise in blood pressure and fall in pulse rate adds a safety factor which allows this postural hypotension to be used safely, even in the elderly. It is considered that a heart beating at a slow rate against a reduced peripheral resistance will have considerably less work per minute to perform, and that this will fully compensate for any reduced coronary flow caused by the hypotension.
Every case in the series has had induced hypotension, and no patient has been refused operation because hypotension would be used, since it was recognized that in the elderly it would be im-possible to be certain which patient might be in danger of coronary or cerebral disasters.
Dosage of the hypotensive drug has been left as small as possible consistent with producing a fall in systolic blood pressure to about 80-100 mm Hg. It has been estimated by a comparison of the resting pre-operative systolic pressure and that after induction; any significant fall either on premedication or induction calls for a reduction in the dose of the hypotensive drug.
The average dose of C6 used has been 15-25 mg and of pentolinium tartrate 5-10 mg andthese doses are reduced on any big fall after induction or in the very elderly or frail. If the dose has been overestimated and the blood pressure remains low post-operatively, intravenous dextran has been used. Pressor drugs are considered liable to cause reactionary hemorrhage.
Results
Mortality only will be discussed under the four headings in which induced hypotension could have played any part. It will be compared with that of two other series under these headings: (1) Diseases of the lungs. (2) Diseases of the kidneys.
(3) Cerebrovascular diseases. (4) Diseases of the cardiovascular system. There were no deaths during the operation. Table 1 shows the age distribution in the three series, and reflects the high age incidence expected in a urological unit. Table 2 shows the overall mortality in the three series and the mortality under headings (1) to (4).
The present series is divided into the years 1951-52 and 1953-61. In the first two years immediate prostatectomies were being performed routinely. (1) Diseases ofthe Lungs It will be noted that the figures for pulmonary embolism are no higher in the present series.
(2) Diseases ofthe Kidneys Ascending pyelonephritis shows a big increase in the present series. Three causes are suggested for this: (a) High age groups reflecting more serious pre-existing renal damage. (b) Immediate prostatectomies during 1951-52. Eleven of these deaths occurred during these two years out of 259 cases (4%). (c) On a significant number of occasions these deaths occurred in groups where the patients were in the ward together. Crossinfection in a urological ward was certainly a factor in this mortality. Renal failure without infection: Three cases died primarily, it is thought, of renal failure. One of those at post-mortem showed small red kidneys with thin cortex and the kidneys of another showed degenerative changes of the type associated with arteriosclerosis. Post-mortem was refused in the third case. All three showed high pre-operative blood ureas (over 140 mg %) and were in the 1951-52 years.
(3) Cerebrovascular Disease 'Out of the 5 deaths, 3 had a history of previous cerebral accident. It has. been argued that preexisting cerebrovascular disease is a contraindication to induced hypotension. In this series there were 40 cases with a previous history of cerebrovascular accident, and 37 survived prostatectomy under induced hypotension.
(4) Diseases ofthe Cardiovascular System Of the 7 deaths from coronary thrombosis in this series, 4 had had a previous coronary thrombosis. Three of these had very severe coronary disease and possibly should not have been operated on. The fourth was misdiagnosed and died from a ruptured ventricle through a coronary thrombosis eight days old.
In the series, however, there were pre-operatively 31 cases with proved old coronary thrombosis and 37 cases with mild to severe angina of effort. Out of these 68 cases 64 survived operation under induced hypotension.
Out of the 13 deaths from myocardial failure, pre-operatively 2 showed dyspncea on exertion only, 8 were fibrillating with varying degrees of failure, 1 had angina of effort and 1 had an old coronary thrombosis.
In the whole series 176 (17-6 %) showed a varying degree of heart disease, excluding dyspncea only. Myocardial failure as shown by fibrillation with or without cedema and other signs of failure did not represent a great difficulty. The immediate post-operative condition showed in the main a great improvement, the induced hypotension removing the strain from the left ventricle and increasing oxygenation in the lungs. Rollason & Hough (1960) suggested that preoperative systolic type of hypertension might increase the risk of lack of oxygenation of vital organs. It is only possible from the figures in Table 3 to say that pre-operative systolic hypertension did not appear to increase the mortality risk in this series.
It is suggested that the mortality figures in this series show no increase due to the induced hypotension used throughout the series. Indeed, taking into account the greater numbers of cases in the older age groups, it may be that induced hypotension affords more protection against preexisting myocardial disease than other methods.
